The uses of shark collagen as a matrix for cell culture and as a substrate for zymography were investigated. Fibroblasts were cultured on a gel matrix of shark type I collagen at 309 C. The collagen gel had contracted by 4 days of incubation. Individualˆbroblasts were visible against the transparent background of the contracted collagen as long, lean star-shaped cells. The matrix metalloproteinases (MMPs) fromˆbroblasts secreted from the medium more easily digested shark gelatin than pig gelatin. MMP-2, -9, and that of potential form were recognizable in the zymographic gel of shark gelatin.
Type I collagen has been used in a wide range of applications, including food, medical, and biochemical materials. 1, 2) The main sources of collagen are cattle and pigs, but these domestic animals may be suŠering from bovine spongiform encephalopathy (BSE) or foot-and-mouth disease. This potential problem has increased the attention to collagen from aquatic animals. The principal properties that cannot be expected for collagen from land animals are a low denaturation temperature and low viscosity. 3) There have been several reports about the application of aquatic collagen and gelatin to food and photographic uses. 4, 5) Sharks are a secondary caught from tuna long-lineˆshing, and about 80z of the total number of sharks landed in Japan come ashore at Kesennuma. Shark skin, which constitutes about 11z of the animal's body weight, is mainly discarded as industrial waste, except for its use as leather. The main protein in shark skin is type I collagen, and the structure basically resembles that from domestic animals, except for the content of imino acid and the presence of cross-linkages. 6) In this connection, our previous paper has shown that shark type I collagen had the same ability of self-assembly to formˆbrils as that of pig type I collagen. However, there are likely to be some diŠerences in the detailed molecular structure between the collagen from both origins; especially since shark type I collagen formsˆbrils under diŠerent conditions from those of pig type I collagen. 7) Such a diŠerence inˆbrilogenesis is likely to in‰uence the physicochemical properties of collagen gel and membrane. Shark collagen gel and membrane are more rigid and have a higher a‹nity for water vapor than those of pig collagen, and these results have suggested that shark collagen could be a new type I collagen material for various uses. 8) Bell et al. 9) have developed an in vitro culture system in whicĥ broblasts are embedded in a three-dimensional collagen lattice. Such aˆbroblast-populated collagen gel contracts to produce a dermal-like tissue, and this cell-collagen gel system is a useful in vitro model for the study of various aspects of wound healing and connective tissue regeneration. The reaction of collagen gel contraction has been used to investigate the eŠects of several growth factors onˆbroblasts and epithelial cells with an extracellular matrix. 10, 11) Tissue-engineering studies of the collagen gel matrix have been done to evaluate the cell response to a glycosaminoglycan-ˆxed collagen lattice with a water-soluble cross-linking agent. 12) Fibroblasts secrete matrix metalloproteinases (MMPs) into the culture medium, and are easily detected by gelatin zymography.
13) The best substrate for MMP that reacted to the tissue metabolism is gelatin, and the technique is indispensable for the study of MMPs. Gelatin from cattle or pig skin has generally been used, but the generation of BSE and foot-and-mouth disease has resulted in a change of collagen sources. In this study, the use of shark collagen as a cell culture matrix and substrate for MMP is examined.
Type I collagen preparations were obtained from fresh skin corium of the great blue shark ( Prionace glauca) and pig as described in our previous papers. 7) Fibroblasts were prepared from fetal rat back skin, and cultured according to the method of Ham. 14) Thê broblasts were grown and maintained in Dulbecco's modiˆed Eagle's medium (DMEM from Gibco BRL) containing 10z fetal calf serum (FBS from EquitechBio), 10 mM NaHCO3, 20 mM HEPES, 50 units W ml penicillin, 50 mg W ml streptomycin, and 100 mg W ml neomycin in a moist atmosphere composed of 5z CO2 W 95z air at 379 C. The population doubling level of the cells used in this study was withinˆve passages.
Shark collagen and pig collagen were reconstructed as described previously. 7) To prepare the matrix for cell culture, collagen was dissolved in 5 mM acetic acid at 49 C. After centrifuging at 100,000×g for 1 h and adjustment of the collagen concentration to 0.3z, the collagen solution was mixed with DMEM at twice this concentration containing 20z FCS in culture dishes (48 wells), and then warmed to 309 C to form a gel matrix. This temperature was used as the upper limit to avoid gelatinization of the shark collagen. The cell culture matrix was prepared from three types of collagen from shark, pig, and a mixture of both. After 18 h, rat fetal skinˆbroblasts (1× 10 4 cells) in the medium were added to the collagen gel matrix. The contraction of the collagen gel was estimated by measuring the gel diameter with slide caliper every day, and the number of cells was assayed with sodium 3?-[1-[(phenylamino)-carbonyl]-3,4-tetrazolium]-bis (4-methoxy-6-nitro)benzene-sulfonic acid hydrate (XTT). 15) Zymographic gels were prepared by mixing 10z acrylamide solution with gelatin that had been heated at 1009 C for 5 min at aˆnal concentration from 0.25 to 1 mg W ml. MMPs were prepared from con‰uent cultures of rat fetalˆbroblasts. Electrophoresis was carried out at a constant current of 10 mA while cooling the apparatus in an ice bath. After this electrophoresis, the gel was incubated for 15 h at 379 C in 50 mM Tris-HCl (pH 7.5) W 0.2 M NaCl W 5 mM CaCl2 W 1 M ZnCl2 W 0.01z NaN3, stained with 0.1z Coomassie brilliant blue, andˆnally destained with 10z methanol W 7z acetic acid.
To examine the eŠectiveness of the shark collagen gel as a cell culture matrix, rat fetal skinˆbroblasts were cultured on the collagen gel at 309 C. Cell-culture matrices were prepared from the three types of collagen. Shark collagen gel contracted within one day ( Fig. 1) and had contracted by about 50z after 5 days. The mixed collagen and pig collagen gels contracted only slightly. When theˆbroblasts were cultured on shark collagen gel, those gels were contracted after one day. After that, contracted collagen gels were recovered. The meaning of this contraction is unknown and is a future subject.
Whileˆbroblasts attached to a plastic dish grew rapidly after 8 days, the growth ofˆbroblasts on the collagen gel matrix was slower (not shown). After 4 days, the contraction of shark collagen gels had proceeded, but the number ofˆbroblasts on the shark collagen gels were not changed (1×10 4 measured by the XTT method, the cells on the shark collagen gels had not died. The reason why the number of cells does not increase is that the growth is slow. Figure 2 shows the culturedˆbroblasts on the collagen gel matrixes. Theˆbroblasts on pig collagen gel were not observed as a clear image after 4 days of cultivation. On the other hand, theˆbroblasts on shark collagen gel, in spite of the gel contraction to about 50z, are clear. Theˆbroblasts interacted and aggregated with each other on the shark collagen gel, so that the gel contraction could have resulted from this cell aggregation. Shark collagen was suitable for use as a cell culture matrix.
cells). Since the number of living cells on collagen gel is
The activity of MMPs from rat skinˆbroblasts was examined by shark and pig gelatin zymography (Fig. 3) . At the gelatin concentration of 1 mg W ml, only the potential form of MMP-2 was recognized on a pig gelatin zymographic gel. On a shark gelatin zymographic gel, the active and potential forms of MMP-2 were observed, and showed clearer digestion patterns than those on the pig gelatin zymographic gel. A lower concentration of shark gelatin in the zymographic gel would enable bands with lower mobility, perhaps MMP-9, to appear. Shark gelatin was a good substrate for MMPs and re‰ected the response ofˆbroblasts.
The mainˆnding of this investigation was that shark collagen gel could be used as a cell culture matrix at 309 C for observation of cell morphology in a contracted matrix. Although cells from the usual mammals are not cultivated on shark collagen gel, it may be used for the cells which can be cultivated at under 379 C. Increases in the incubation temperature to 379 C melted the shark collagen gel, so we investigated a mixed collagen matrix from shark and pig for gel contraction and cell growth. Our previous report had shown a higher denaturation temperature for the mixed collagen gel 16) such that the mixed collagen gel matrix did not melt at 379 C and gel contraction could be recognized (not shown).
Fibroblasts produced extracellular matrix proteins and MMPs, and repeated the cycle of synthesis and decomposition in an extracellular matrix. As shown in Fig. 3 , MMP from ratˆbroblasts easily digested the shark gelatin. The shark collagen gel matrix used for cell culture contracted at 309 C, and cell-cell interaction was apparent. These results show that the response ofˆbroblasts to the shark collagen gel matrix was not the same as that ofˆbroblasts to the pig collagen gel matrix. Koseki and Yoshizato 17) have shown two-dimensional proˆles of the protein synthesis ofˆbroblasts cultured on collagen, plastic, and gelatin matrixes. The results suggested that protein synthesis was up-or down-regulated depending to the environment used for cell culture. Moreover, the growth rate of humanˆbroblasts was repressed by culture in the collagen gel matrix but not by culture on the collagen gel matrix.
18) The cell response might have changed when culture was on the shark collagen gel matrix. It is important to analyze the eŠects of the products in the cell culture medium on the shark collagen gel matrix. Domestic animal collagens are limited in their application because of the prevalence of BSE and foot-and-mouth disease. Searching for new collagen sources is important, and shark collagen is a possible candidate. Taking into account its lower denaturation temperature, shark collagen would be promising for biomaterial use. It would be possible to construct a new cell recovery system without use of enzymes and artiˆcial polymers, as the cells cultured on a shark collagen gel matrix at 309 C can be easily recovered by raising the incubation temperature by only a few degrees.
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